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DQGPRVWO\LWGHSHQGVRQWKHHGJHUDGLXV:KHQXQFXWFKLSWKLFNQHVVLVOHVVWKDQ
WKHHGJHUDGLXVWKHUHLVQRQOLQHDULQFUHDVHLQVSHFLILFFXWWLQJGXHWRVL]HHIIHFW /LXHWDO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 :RRQ HWDO 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IRUFH /LXDQG0HONRWH LQYHVWLJDWHGWKHHIIHFWRIHGJHUDGLXVRQWKHVXUIDFHURXJKQHVVRIDOXPLQXP LQ PLFUR
WXUQLQJSURFHVV 5HVXOWVVKRZVWKDWLIWKHIHHGDQGGHSWKRIFXWLVOHVVWKDQWKHHGJHUDGLXVWKHVXUIDFHURXJKQHVV
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R[\JHQ IUHH KLJK FRQGXFWLYLW\ FRSSHU 6XUIDFH URXJKQHVV YDOXH LV GHFUHDVHG E\ LQFUHDVLQJ FXWWLQJ VSHHG DQG
LQFUHDVHVE\LQFUHDVLQJIHHGUDWH /X=DQG7<RQH\DPD  VWXGLHGFXWWLQJIRUFHVRQPLFURFXWWLQJRIEUDVVE\
XVLQJ GLDPRQG WRRO 5HVXOWV VXJJHVWHG WKDW PDJQLWXGH RI FXWWLQJ IRUFH VKRXOG EH ORZHU WKDQ WKDW FDXVH SODVWLF
GHIRUPDWLRQWRDYRLGGHIOHFWLRQRIWKHZRUNSLHFH7RHOLPLQDWH ZRNSLHFHGHIOHFWLRQGXULQJPLFURWXUQLQJSURFHVVD
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&RDWLQJV OLNH 7L1 7L$O1 RQ FDUELGH WRROV GHSRVLWHG E\ SK\VLFDO YDSRXU PHWKRG KDYH VXSHULRU SHUIRUPDQFH
GXULQJ PDFURPDFKLQLQJRIKLJKWHPSHUDWXUHDOOR\ 3UHQJHOHWDO 0XOWLOD\HUFRDWHGLQVHUW7L17L&17L1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DGYDQWDJH RI VXFK FRDWLQJ LV WR UHGXFH WKH IULFWLRQ DQG DGKHVLRQ EHWZHHQ FKLS DQG FXWWLQJ WRRO )URP WRRO ZHDU
SHUVSHFWLYH WKLV FRDWLQJ SRVVHVVHV JRRG DEUDVLRQ UHVLVWDQFH GXH WR KLJK KDUGQHVV $O7L1 KDV JRRG R[LGDWLRQ
UHVLVWDQFH ZHDU UHVLVWDQFH DQG KLJK FKHPLFDO VWDELOLW\ DW KLJK WHPSHUDWXUHV GXH WR WKH IRUPDWLRQ RI $O2 ILOP
7KHUH DUH YHU\ IHZ DWWHPSW PDGH RQ H[SHULPHQWDO LQYHVWLJDWLRQV RQ FXWWLQJ IRUFHV DQG VXUIDFH URXJKQHVV GXULQJ
PLFUR WXUQLQJ RI WLWDQLXP DOOR\ 7KLV SDSHU LV HVVHQWLDO WR XQGHUVWDQG WKHPHFKDQLVP RIPDWHULDO UHPRYDO DW WKH
PLFURQVFDOH
([SHULPHQWDO GHWDLOV
7KHPLFUR WXUQLQJ H[SHULPHQWDO VHWXS LV VKRZQ LQ WKH)LJXUH ,W FRQVLVWV RIPDFKLQHEDVH;D[LV DQG=D[LV
OLQHDUVOLGHV 7KHPDFKLQHEDVHLVPDGH RIFDVWLURQRIGLPHQVLRQVîî PP6XUIDFHJULQGLQJRSHUDWLRQLV
GRQH WR JHW WKH IODW DQG ILQLVK VXUIDFH RQ WKH PDFKLQH EDVH 0DFKLQH EDVH LV UHVWLQJ RYHU IRXU DQWL YLEUDWLRQ
PRXQWLQJVZKLFKZLOODEVRUEWKHJURXQGYLEUDWLRQV6SLULWOHYHOLVXVHGWRFKHFNWKHIODWQHVVRIWKHPDFKLQHEDVH ;
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D[LV DQG = D[LV OLQHDU VOLGHV DUHPRXQWHG RYHU WKHPDFKLQH EDVH DQG DUH DOLJQHG SHUSHQGLFXODU WR HDFK RWKHU E\
PHDQVRIYHUQLHUKHLJKWJDXJH,Q;D[LVDQG=D[LV URWDU\PRWLRQLVFRQYHUWHGLQWROLQHDUPRWLRQE\EDFNODVKIUHH
EDOO VFUHZ DQG QXW PHFKDQLVP $QJXODU FRQWDFW EDOO EHDULQJ LV XVHG WR VXSSRUW WKH EDOO VFUHZ VKDIW ZKLFK FDQ
ZLWKVWDQGERWKD[LDODQGUDGLDOORDG 7KHEDOOVFUHZFDQZLWKVWDQGNJGXULQJG\QDPLFORDGLQJDQGNJ GXULQJ
)LJ0LFURWXUQLQJVHWXS




0LFURPHWHU LVDWWDFKHGDW WKHHQGRI;VWDJHEDOOVFUHZ IRUFRQWUROOLQJ WKH GHSWKRIFXW/HDVWFRXQWRI
PLFURPHWHULVPDQGLWVDGMXVWDEOHUDQJHLVPP'HSWKRIFXWLVFRQWUROOHGE\PDQXDOO\GXULQJWKHPLFUR








'LVWDQFHPRYHGE\ WKH VSLQGOHVOLGHLQRQHUHYROXWLRQ RIVSLQGOHPRWRULV IHHG 7KHGLVWDQFHPRYHGE\WKHVOLGHLQ
RQHUHYROXWLRQ RIEDOOVFUHZ VKDIWLV SSLWFK 7LPHWDNHQIRURQHURWDWLRQRIVSLQGOHPRWRU 1 PLQXWHV 'LVWDQFH
PRYHG E\VSLQGOHVOLGHLQ1PLQXWHV Sî11 7KHHTXDWLRQIRUFDOFXODWLQJIHHGLVVKRZQLQHTXDWLRQ
)HHG  PPUHY  Sî11 
ZKHUH 1  6SLQGOHVSHHG1  6SHHGRIWKHVHUYRPRWRUS SLWFK
 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7KH FXWWLQJ IRUFHV GXULQJPLFUR WXUQLQJ SURFHVV LVPHDVXUHG E\ XVLQJ SLH]HR HOHFWULF G\QDPRPHWHU E
ZKLFK LVSODFHGEHORZWKHFXWWLQJ WRRO7KHVHQVLWLYLW\RI WKHG\QDPRPHWHU LQ WKHFXWWLQJ IRUFHGLUHFWLRQ LV
S&1'XULQJPLFURWXUQLQJSURFHVVIRUFHVDFWLQJRQWKHFXWWLQJWRROFUHDWHSUHVVXUHRQWKHSLH]RHOHFWULFFU\VWDODQG




6XUIDFH URXJKQHVV LV PHDVXUHG E\ XVLQJ VXUIDFH URXJKQHVV WHVWHU 7KH WUDYHUVH OHQJWK DQG FXW RII OHQJWK
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D9DULDWLRQRI FXWWLQJVSHHGZLWKFXWWLQJIRUFHDWPGHSWKRIFXW E 9DULDWLRQRIFXWWLQJVSHHGZLWKFXWWLQJIRUFHDWPGHSWKRIFXW
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D9DULDWLRQRIFXWWLQJVSHHGZLWKFXWWLQJIRUFHDW PGHSWKRIFXW
)LJ9DULDWLRQRI FXWWLQJIRUFHZLWKFXWWLQJVSHHG
)URP WKH H[SHULPHQWDO LQYHVWLJDWLRQ LW LV REVHUYHG WKDW ZKHQ FXWWLQJ VSHHG LQFUHDVHV WKHUH LV LQFUHDVH LQ FXWWLQJ




KDUGHQLQJ RI ZRUNSLHFHPDWHULDO:KHQ GHSWK RI FXW DQG XQFXW FKLS WKLFNQHVV DUH LQFUHDVHG WKHUH LV LQFUHDVH RI
FXWWLQJ IRUFH GXH LQFUHDVHG YROXPH RI WKH PDWHULDO )LJXUH D E F VKRZV WKH YDULDWLRQ RI FXWWLQJ IRUFH ZLWK
FXWWLQJ VSHHG DW   DQG  P GHSWK RI FXW )LJXUH D VKRZV WKH YDULDWLRQ RI FXWWLQJ IRUFH VLJQDO FDSWXUHG
GXULQJPLFUR WXUQLQJSURFHVV DWPUHY IHHG)LJXUHEVKRZV WKHYDULDWLRQRIFXWWLQJ IRUFHRYHUXQLW VHFRQG
:KHQGHSWKRIFXW LV LQFUHDVHGIURP P WR P WKHUH LV LQFUHDVHRIFXWWLQJ IRUFHVZLWK IXUWKHU LQFUHDVHRI
GHSWKRIFXWWR P WKHUHLVQRPXFKYDULDWLRQLQWKHFXWWLQJIRUFHV
D 9DULDWLRQRIFXWWLQJIRUFHZLWKWLPH DW FXWWLQJVSHHG PPLQ E &XWWLQJIRUFHYDULDWLRQRYHUXQLWVHFRQGDWFXWWLQJVSHHG 
PPLQ
)LJ&XWWLQJIRUFHVLJQDOFDSWXUHGGXULQJPLFURWXUQLQJSURFHVV
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6XUIDFHURXJKQHVV
:KHQXQFXWFKLSWKLFNQHVVLVOHVVWKDQHGJHUDGLXVWKHUHLVLQFUHDVHLQVXUIDFHURXJKQHVVGXHWRWKHSODVWLFVLGH
IORZ RI ZRUNSLHFH PDWHULDO RU UXEELQJ DQG SORZLQJ DFWLRQ UDWKHU WKDQ FXWWLQJ DFWLRQ /LX DQG 0HONRWH 
0LQLPXPYDOXHRIP VXUIDFHILQLVKLVDFKLHYHGZKHQXQFXWFKLSWKLFNQHVVLVJUHDWHUWKDQHGJHUDGLXV)LJXUH







URXJKQHVVGXULQJPLFUR WXUQLQJRI WLWDQLXPDOOR\XVLQJFRDWHGFDUELGH WRROKDVEHHQGLVFXVVHG :KHQ WKHFXWWLQJ
VSHHGLQFUHDVHVWKHUHLVGHFUHDVHLQFXWWLQJ IRUFHV ZKLOH XQFXWFKLSWKLFNQHVVLVJUHDWHUWKDQWKHFXWWLQJHGJHUDGLXV
GXHWRWKHLQFUHDVHLQWRROFKLSLQWHUIDFHWHPSHUDWXUH7KHF\FOLFYDULDWLRQRIWKHFXWWLQJIRUFHLV GXHWR VHJPHQWHG
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FKLSIRUPDWLRQGXULQJPLFURWXUQLQJRIWLWDQLXPDOOR\6XUIDFHURXJKQHVV LV PDLQO\LQIOXHQFHGE\WKHHGJHUDGLXVRI
WKHFXWWLQJ LQVHUW DQGXQFXWFKLS WKLFNQHVV7KH IXWXUH VFRSHRI WKLV UHVHDUFK LV WRDQDO\]HFKLSPRUSKRORJ\ WRRO
WHPSHUDWXUH DQGWRROOLIH
5HIHUHQFHV
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7RROVDQG0DQXIDFWXUH 
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